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Prior construction
(A) Chiral effective field theory: (B) Maximum Mass Constraints: (C) NICER:
EOS derived with the chiral EFT result PSR J0348+4032/PSR J1614-2230 and PSR J0030+0451 and PSR J0740+6620
and My, > 1.9M; GW170817/AT2017gfo remnant
classification
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Prior on the EOS

e Chiral effective theory below 1.5 nsat

e Speed-of-sound extrapolation (CSE)
afterwards

e EOSwith first-order phase transitions

(i.e., segment with cs = 0) are added
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Radio pulsars

Bill Saxton (NRAO/AUI/NSF)

Pulsar Mass is M
PSR J0348+-4032 | 2.01 +£0.04
PSR J1614—2230 | 1.908 + 0.016

Lpsr

= p(PSR|EOS)

A/wmax
_ / p(m|PSR)
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p(m|PSR)p(m|EOS)

p(m|EOS) = 1/Mpax(EOS)



GW170817 reamant

e GW170817 resultsinablack hole
e Numerical-relativity motivated fitting
i 4 e Upper bound on the maximum mass
cllapie e c.f.Rezzolla’s talk on Tuesday
Mass
M, bound

= p(Mpouna|EOS) = 1 — CDF(Myax: My, 02)
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Maximum Neutron Star mass

4
pr]olmpt — it
collapse y— D
1.0 7 = v N X BH+disk | VPvey
S A e PSR J0348+4032 A =
0.8 .1 | —— PSR J1614-2230
* PR GW170817 reamant
Q ! = —— Joint constraint
= 0.6 1 i
(@) I
2 i
o~ I
£ 0.4 i <
=
G Pulsar Mass is M,
PSR J0348+4032 2.01 £0.04
0.0 - 1 . : . —
1.75 2.00 2.25 2.50 2.75 3.00 PSR J1614-2230 | 1.908 & 0.016

*ljlll;lx L\[




Maximum Neutron Star mass

PSR J0348+0432/PSR J1614-2230 and
GW170817/AT2017gfo remnant
classification
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Pulsar Mass is M
PSR J0348+4-4032 | 2.01 +0.04
PSR J1614—2230 | 1.908 £ 0.016




X-ray pulsar with NICER
(The Neutron Star Interior Composition Explorer Mission)

Miller et al. ApJ. Lett. 887, L24 (2019), Riley et al. ApJ. Lett. 887, L21 (2019), Miller et al. ApJ. Lett. 918, L28 (2021), Riley et al.
ApJ. Lett. 918, L27 (2021) 10



X-ray pulsar with NICER
(The Neutron Star Interior Composition Explorer Mission)
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X-ray pulsar with NICER
(The Neutron Star Interior Composition Explorer Mission)
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X-ray pulsar with NICER
(The Neutron Star Interior Composition Explorer Mission)
PSR J0030+0451 and PSR J0740+6620
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Gravitational waves
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Gravitational waves
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Gravitational waves

GW170817: GW190425:
reanalysis with reanalysis with '
IMRPhenomPv2 NRTidalv2 IMRPhenomPv2 NRTidalv2
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Kilonovae
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Heavy-ion collisions

spectators

participants

before collision after collision
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Symmetric matter Asymmetric matter
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HIC experiments:

-
-
-

T T [ T T T [ T T T [ T T1
102 - Prior
' F —— HIC
. N
u: - — HIC Data
210k L
A, F
- N
2 i
&
AL 10V

(WA |

1

1 llllllll

I

0.5 1.0 1.5 2.0
Number density n [nga

2.5

3.0

Lyic(EOS)
= / dn dP p(HIC|n, P)p(n, P|EOS)

/ dn P(n, P = P(n: EOS)|HIC)

21



Combing information

[ Nuclear theory }

Equation-of-state
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(A) Chiral effective field theory:

3.0

(B) Multi-messenger astrophysics:
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(A) Chiral effective field theory:
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(B) Multi-messenger astrophysics:
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Result
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What is the next step?



What is the next step?




What is the next step?




Nuclear Physics and Multi-messenger Astrophysics

github.com/nuclear-multimessenger-astronomy/nmma

29



Frequency (Hz)

e Simultaneously analyzing GW, kilonova and
GRB afterglow
e Fully capture the correlation between
parameters
e HPC facilities needed
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NMMA

Revealing the GRB
central engine

Determining the
ﬁﬁ Hubble constant

searches

Nuclear physics
ﬁtlh constraints
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% NMMA Application: GRB211211A (Kunert et al. arxiv:2301.02049)

------ BNS-GRBfe® Col-GRB, Name Astrophysical Bayes factor Likelihood
—————— NSBH-GRBP»  -==== SN-GRBiop Processes In[BL; In[LL:(9)]
BNS-GRB{o»°" Kilonova + GRB ref. ref.
BNS-GRB&z2sen Kilonova + GRB -1.01 £ 0.10 | -0.33
BNS-GRB&,' Kilonova + GRB -0.49 £ 0.10 |-1.15
BNS-GRBgu!a, Kilonova + GRB -1.59 + 0.10 | -2.13
NSBH-GRBtop Kilonova + GRB -3.76 £+ 0.10 -3.82
NSBH-GRBgauss Kilonova + GRB -2.08 £ 0.10 -4.16
SNCol-GRBgop rCCSNe + GRB -10.42 + 0.11 | -3.04
SNCol-GRBgauss rCCSNe + GRB -10.74 + 0.11 | -3.58
SN98bw-GRB:op CCSNe + GRB -6.93 = 0.10 -8.14
SN98bw-GRBgauss CCSNe + GRB -8.05 £+ 0.10 -8.13
GRBg¢op GRB -6.04 £+ 0.10 -7.10
GRBaauss GRB -6.96 £+ 0.10 -7.33
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o ) € 24 >D
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% NMMA Application: GRB211211A (Kunert et al. arxiv:2301.02049)
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% NMMA Application: GW190814 (Tews et al. ApJL 908(2021) 1, L1)

If GW 170817 produced a BH:
o GW190814is a BBH with
>99.9%

relaxing this assumption:
o GW190814 is a BBH with
~83%

20
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)\ NMMA Application: GW190814 (Tews et al. ApJL 908(2021) 1, L1)
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Multimessenger constraint on quarkyonic model

(Pang et al. arxiv:2308.15067)

—— w/o AT2017gfo
w/ AT2017gfo 7

S
—
-
—
-
~ -
-
~ -
-~
-

1.0
w/ AT2017gfo w/o AT2017gfo .
@ [MeV] 3.521%.21 Prior
b [MeV] -1.301877 0.8
5 ] 385418 '
Ao MeV] 305.767 10505 XEFT
0.6 1
N »n
Q
A 0.4
LY
L LH_
T
i 0.2
A
(=~ KL11 g | a===2
k \ Ry r il
L ) / 0.0
\_J A ]
S— i e
S R S S S
p \
@ [MeV] b MeV1 no [Msat] Ao [MeV]

2

3 4 5

Baryon density ng [ngat]

36



What is the next step?



What is the next step?




WE NEED YOU!!

How to reliably improve the
interdisciplinary / multi-messenger
study on supranuclear matter?
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X-ray / radio pulsar
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Gravitational-waves
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Strain
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Prior construction

(A) Chiral effective field theory:
EOS derived with the chiral EFT result
and M.« > 1.9M¢o

(B) Maximum Mass Constraints:
PSR J0348+4032/PSR J1614-2230 and
GW170817/AT2017gfo remnant
classification

(C) NICER:
PSR J0030-+0451 and PSR J0740+6620
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Combing information

Ly (EOS) = / dn dP p(HIC|n, P)p(n, P|EOS)
x / dn dP p(n, P|HIC)p(n, P|EOS)
o'e /dn dP p(n, P|HIC)d(P — P(n,EOS))

_ / dn P(n, P = P(n; EOS)|HIC) |
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Result

Density
1.0 Ngat
1.5 Ngat

2.0 Ngat

2.5 Ngat

Astro-only
0.52

2.00" 5
1.96

5.84J_r2.26

16.24
18.44+16:2

45.05 75 6>

HIC-only
2.051 35
6.06"5.0;
10.4778343

75.96
47'78i32.96

Combined
21174
6.25"55¢
19.07+15-27

40.4
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Result

Mass
1.0M,

1.4M,
1.6 M
2.0M

Astro-only

0.65
11.76 10

0.79
11.947979

0.87
11.97+04T

1.23
11.881123

HIC-only

0.79
11.89707

12.067 713

1.33
12.1171:33

1.71
12.19*11L

Combined

0.57
11.8870%7

0.78
12.01+078

0.98
12.0310:%8

1.24
11.91+124
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